ABSTRACT
INTRODUCTION
The processing of the massive amount of data on single nucleotide polymorphisms (SNPs) requires the development of automatic annotation tools to determine the potential pathological character of a given SNP. Some of these programs (e.g. http://pupasnp. bioinfo.cnio.es/) trace the positioning of SNPs in the genome, detecting when they occur in a functionally important region. Others are centered on the study of non-synonymous mutations mapped on proteins; for discussions see (Chasman and Adams, 2001; Ferrer-Costa et al., 2002 , 2004 , 2005 Ng and Henikoff, 2002; Saunders and Baker, 2002; Sunyaev et al., 2001; Wang and Moult, 2001) .
Our group has developed an accurate (>80% success rate) and robust methodology to predict disease-associated mutations (DAMUs) (Ferrer-Costa et al., 2002 , 2004 , 2005 . The method is based on the use of neural networks (NNs) trained with a large database of neutral mutations (NEMUs) and pathological mutations. In this paper we present the PMUT server, which implements our predictive models and complementary tools that can help in the annotation of SNPs. * To whom correspondence should be addressed.
SERVER STRUCTURE
PMUT works at two different levels ( Fig. 1S ): (1) it retrieves information from a local database of mutational hotspots and (2) it analyzes a given SNP in a specific protein. Results are displayed in the form of various text files and, when the structure is experimentally known, 2-D and 3-D plots are also available.
PMUT PREDICTOR
The first input to PMUT is either the sequence of the protein or its SwissProt/trEMBL code. The user has to select the mutation site and whether to analyze a single mutation (default) or to perform a complete mutation scan at this position. The program can simulate massive single-point mutation along the whole sequence (Mutation Hot-Spot analysis), helping to detect regions where mutations are expected to have a large pathological impact. Irrespective of the selection, the program retrieves a series of parameters describing the mutation (Ferrer-Costa et al., 2002 , 2004 ) from (1) its internal databases, (2) PHD output (Rost and Sander, 1993) and (3) multiple alignments. The latter are either introduced by the user [e.g. from the PFAM database (Bateman et al., 2002) ] or automatically generated by the program from a two-iterations PSI-Blast (Altschul et al., 1997) run on a non-redundant SwissProt/trEMBL database.
Two NNs are implemented as predictor engines: a large one (the default) with 1 hidden layer, 20 nodes and 15 descriptors (FerrerCosta et al., 2002 (FerrerCosta et al., , 2004 ) and a small one (20 nodes, no hidden layer) with 3 parameters (Ferrer-Costa et al. submitted for publication). Both NNs were carefully trained with human mutational data. The final output is always (1) a pathogenicity index ranging from 0 to 1 (indexes >0.5 signal pathological mutations) and (2) a confidence index ranging from 0 (low) to 9 (high). Additionally, the program allows the user to retrieve all the intermediate information (alignments, Blast and PHD outputs, etc.) used in PMUT predictions.
The PMUT server allows the display of the mutation site on the protein structure (when this is available) using a color code to trace the pathogenicity associated with the mutation. For this purpose, we used Blast (Altschul et al., 1997) to find highly homologous sequences in the complete PDB (Berman et al., 2000) . PDP with >70% of identity with Query protein were eliminated and also those ones with a coverage of less than 70 residues for that PDP longer than 200 residues. A Rasmol (Sayle and Milner-White, 1995) script is automatically created to display the mutation site on the protein structure. Visualization can be done remotely using the Chime plugin (MDL Information Systems, Inc.) or alternatively the file can be download for local inspection using Rasmol.
PMUT DATABASE
We have pre-computed the mutation profiles of all the proteins in the 90% identity cluster of the PDB database (Berman et al., 2000) . For this purpose we mutated all the residues of each protein to all 19 possible alternative amino acids. The mutation matrix is manipulated to define mutation hot spots in different ways: (1) maximum, mean and minimum pathogenicity indexes in each mutation site, (2) the pathogenicity index associated with the mutation to Ala (alanine-scanning) of all the residues and (3) the maximum, mean and minimum pathogenicity indexes associated with the genetically accessible mutations (i.e. those implying only one nucleotide change) in each position of the protein.
All this information can be retrieved from the server (Fig. 1 ) in text and graphical formats (Fig. 1) . To avoid over-interpretation of the results, the user is alerted when the protein is not human. The help section includes a description of the validity of prediction in non-human proteins using human-trained NNs.
SOFTWARE IMPLEMENTATION AND USE
PMUT is freely accesible through a web interface at the Molecular Modeling and Bioinformatics website (http://mmb2.pcb.ub.es:8080/ PMut/). The interface is written as a Java servlet. PMUT has a core written in C, complemented with a series of Perl scripts responsible for the overall workflow, including the execution of auxiliary programs. Two-dimensional graphical output is obtained using the GNUPLOT software (http://www.gnuplot.info/) running on the server and is provided as standard image files. The 3-D outputs are provided as Rasmol scripts, and visualization requires the use of Rasmol or the Chime plug-in on the client side. Calculations are run using a batch queue in the server and the user is informed of their completion either from the web page or by email. A limited version of PMUT Predictor providing a hot spot analysis is also available as a web service running according to the BioMoby standard (http://www.biomoby.org; http://www.inab.org).
